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PIONEER VENUS 1
DIGITAL MAP IMAGES ON MAG TAPE
78-051A-06B
THIS DATA SET HAS BEEN RESTORED. ORIGINALLY IT CONTAINED
72 9-TRACK, 1600 BPI TAPES AND THREE 9-TRACK, 6250 BPI TAPES
WRITTEN IN EBCDIC. THERE ARE 12 RESTORED TAPES WRITTEN IN ASCII.
THE DR TAPES ARE 3480 CARTRIDGES AND THE DS TAPES ARE 9-TRACK,
6250 BPI. THE ORIGINAL TAPES WERE CREATED ON AN IBM 360 COMPUTER
AND THEY WERE RESTORED ON THE MRS SYSTEM. THE DR AND DS NUMBERS

ALONG WITH THE CORRESPONDING D NUMBERS AND THE TIME SPANS ARE AS

FOLLOWS :
DR# DS# D# FILES TIME SPAN

DR004375 DS004375 D043232 1-14 12/08/78 01/06/7%
D059439 15-28 01/07/79 01/26/7%
D059440 29-42 02/02/79 02/21/79
D059441 43-56 02/22/79 03/04/79
D059442 57-70 03/04/79 03/23/79
D059443 71-84 03/27/79 05/27/79
D059444 85-101 05/27/79 07/17/79
D059445 102-115 08/07/79 10/21/79
D059446 116-130 10/22/79 11/06/79
D059447 131-145 11/07/79 11/12/79

DR004376  DS004376 D059448 1-15 11/12/79 12/07/79
D059449 16-29 12/07/79 01/04/80
D059450 30-44 01/04/80 01/10/80
D059451 45-56 01/12/80 02/03/80
D059452 57-70 02/03/80 02/18/80
D059453 71-84 02/20/80 03/11/80
D059454 85-99 03/11/80 03/19/80
D059455 100-117 07/16/80 07/27/80
D059456 118-132 03/19/80 07/16/80
D064588 133-145 08/01/80 08/08/80
D064589 146-159 08/08/80 08/20/80
D064590 160-173 08/21/80 08/26/80
D064591 174-187 08/26/80 09/03/80
D064592 188-201 09/04/80 09/22/80
D064593 202-214 09/23/80 10/06/80
D064594 215-228 10/07/80 10/18/80
D064595 229-242 10/18/80 10/22/80
D064596 243-256 10/22/80 10/29/80
D064597 257-269 10/30/80 11/26/80




DR#

DR0O04377

DR0O04378

DR0O04379

DR0O04380

DR0O04381

DRO04382

DR004383

DRO0C4847

DS#

DS004377

bs004378

D3004379

DS004380

DS004381

DS004382

DS004383

Ds004847

78-051A-06B

D#

D064598
D064559
D064600
D064601
D064602
D064603
D064604
D064605
D064606

D064607
D064608
D064609
D064610
D064611
D064612
D064613
D064614
D064615
D064616
D064617

D064618
D064619
D064620
D064621
D064622
D064623
D064624
D064625
D064626
D064627
D064628
D078327

D078328
D078329
D078330

D079061
D079062
D079063

D079145S
D079150
D079151

D079152
D079153

D104171

FILES

1-14
15-28
29-42
43-56
57-64
65-78
79-92
93-106

107-120

1-14
15-28
29-42
43-56
57-70
71-84
85-98
99-112

113-125
126-139
140-153

1-14
15-28
29-42
43-56
57-70
71-84
85-95
96-112

113-126
127-140
141-154
155-223

1-56
57-146
147-208

1-46
47-114
115-190

1-49
50-96
97-140

1-49
50-102

1-143

TIME SPAN
11/28/80 12/18/80
12/19/80 12/22/80
12/22/80 12/26/80
12/27/80 12/31/80
01/02/81 01/03/81
01/03/81 01/09/81
01/11/81 02/02/81
02/02/81 02/09/81
02/09/81 02/24/81
02/25/81 03/07/81
03/07/81 05/24/81
05/25/81 06/07/81
06/07/81 06/16/81
06/17/81 06/30/81
07/01/81 07/06/81
07/06/81 07/11/81
07/11/81 07/17/81
07/17/81 07/23/81
07/23/81 07/28/81
07/28/81 08/03/81
08/04/81 08/20/81
08/21/81 09/04/81
09/05/81 09/19/81
09/21/81 10/02/81
10/02/81 10/07/81
10/07/81 10/12/81
10/13/81 10/18/81
10/18/81 10/24/81
10/24/81 10/29/81
10/29/81 11/04/81
11/05/81 11/21/81
11/13/81 02/01/82
02/01/82 06/10/82
06/11/82 04/20/83
04/21/83 11/19/83
11/23/83 04/12/84
04/13/84 06/25/85
06/26/85 05/14/86
05/14/86 06/24/86
07/08/86 01/21/87
01/23/87 03/26/87
03/27/87 10/22/87
10/25/87 04/01/88
04/01/88 11/20/88




DR#
DR004848

DRO04849

DS#
DS004848

DS004849

78-051A-06B

D§
D104172

D104173

FILES

1-153

1-98

TIME SPAN
11/21/88 - 09/24/89

01/26/90 - 12/05/90



-

PIONEER VENUS
CLOUD PHOTOPOLARIMETER
78-051A-06B
THESE 3 TAPES ARE ADDITIONS TO THE PREVIOUS 64 TAPES, TOTALING 67

TAPES IN THIS DATSET.THE 3 TAPES BELOW ARE 6250 BPI,MULTIFILED,
WRITTEN IN ERCDIC. THE TAPE WERE CREATED ON AN IBM 360 COMPUTER.

THE D AND C NUMBERS ALONG WITH THEIR TIME SPANS CAN BE FOUND BELOW.

THE C TAPES ARE 3480 CARTRIDGES.

D# C# FILES TIMESPANS
D-104171 c-031285 143 04/01788-11/20/88
D-104172 C-031286 153 11/21/88-09/24/89

D-104173 C-031287 98 01/26/90-12/05/90




REQ. AGENT RAND NO. ACQ. AGENT

LSM V0o/1 WSC
DAD V0207 WSC
SAR vo277 HKH
DHG PSB

PIONEER VENUS 1
CLOUD PHOTOPOLARIMETER
78-051A-06B
This data set consists of 64 9-track, 1600 bpi, multifiled, EBCDIC, card

image tapes. Each file contains 1 OCPP polarimetry map. All the tapes were
created on an [Bm 360/195 computer.

D¢ C# FILES TIME SPAN
D-43232 C-21332 14 12/08/78 - 01/06/79
N-54939 £-23373 14 01/07/79 - 01/26/79
D-59440 £-23374 14 02/02/7% - 02/21/79
D-59441 C-23375 14 02/22/79 - 03/04/79
D-59442 £-23376 14 03/04/79 - 03/23/7%
D-59443 £-23377 14 03/27/79 - 05/27/19
N=59444 C-23378 17 05/27/79 - 07/07/79
D-59445 £-23379 14 08/07/79 - 10/21/7%
D-59446 £-23380 15 10/22/79 - 11/06/79
D-59447 €-23381 15 11/07/79 - 11/12/79
D-59448 C-23382 15 11/12/79 - 12/07/79
D-59449 (-23383 14 12/07/79 - 01/04/80
D-59450 C-23384 15 01/04/8% - 01/10/80
D-59451 C-23385 12 01/12/80 - 02/03/80
D-59452 C-23386 14 02/03/80 - 02/18/80
D-59453 C-23387 15 02/20/80 - 02/18/80
D-59454 €-23388 15 03/11/80 - 03/19/80
D-59456 £-23390 15 03/19/80 - 07/16/80
D-59455 £-23389 18 07/16/80 - 07/27/80
D-64588 £-24506 13 08/01/80 - 08/08/80
D-64589 £-24507 14 08/08/80 - 08/20/80
D-64590 C-24508 14 08/21/80 - 08/26/80
D-64591 C-24509 14 08/26/80 - 09/03/80
D-64592 C-24510 14 09/04/80 - 09/22/80
D=-64593 C-24511 13 09/23/80 - 10/06/80
D-64594 C-24512 14 10/07/80¢ - 10/18/80
D-64595 C-24513 14 10/18/80 - 10/22/80
D-64596 £-24514 14 10/22/80 - 10/29/80
D-64597 £-24515 13 10/30/80 - 11/26/80
D-64598 £-24516 14 11/28/80 - 12/18/80
D-64599 C-24517 14 12/19/80 - 12/22/80
D-64600 C-24518 14 12/22/80 - 12/26/80

D-64601 C-24519 14 12/27/80 - 12/31/80




D#

D=-64602
D-64603
D-64604
D-64605
D~-64606
D-64607
D-64608
D-64609
D-64610
D-64611
D-64612
D-64613
D-64614
D-64615
D-64616
D-64617
D-64618
N-64619
D-64620
D-64621
D-64622
D-64623
D-64624
D-64625
D-64626
D-64627
D-64628
D-78327
D-78328
D-78329
D-78330

C#

C-24520
C-24521
C-24522
C-24523
C-24524
C-24525
C-24526
C-24527
C-24528
C-24529
C-24530
C-24531
£-24532
C-24533
C-24534
£-24535
C-24536
C-24537
C-24538
(-24539
€-24540
C-24541
£-24542
C-24543
C-24544
C-24545
C-24546
C-26775
C-26775
C-26777
C-26778

FILES

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

14
14
14
14
14
69
56
90
62

SPAN

TIME

01/01/81
01/03/81
01/11/81
02/02/81
02/09/81
02/25/81
03/07/81
(5/25/81
06/07/81

06/17/81 -

07/01/81
07/06/81
07/11/81
07/17/81
07/23/81
07/28/81
08/04/81
08/21/81
09/05/81
09/21/81
10/02/81
10/07/81
10/13/81
10/18/81
10/24/81
10/29/81
11/05/81
11/13/81
02/01/92
06/11/82
04/21/83

01/03/81
01/09/81
02/02/81
02/09/81
02/24/81
03/07/81
05/24/81
06/06/81
06/16/81
06/30/81
07/06/81
07/11/81
07/17/81
07/23/81
07/28/81
08/03/81
08/20/81
09/04/81
09/19/81
10/02/81
10/07/81
10/12/81
10/18/81
10/24/81

- 10/29/81

11/04/81
11/12/81
02/01/82
06/10/82
04/20/83
11/19/83




NASA

National Aeronautics and Goddard Institute for Space Studies
Space Administration 2880 Broadway

New York, N.Y. 10025
Godkdard Space Flight Center (212) 678-5500

March 11, 1988

National Space Science Data Center
Central Data Services Facility
Code 633

Goddard Space Flight Center
Greenbelt, Maryland 20771

Gentlemen:

Enclosed you will find four magnetic tapes containing digital polarimetrv
data from the Pioneer Venus Orbiter Cloud Photopolarimeter Experiment. These
tapes have external labels NSSD61 - NSSD64 and use exactly the same format as
that used for previously submitted tapes NSSDO1 - NSSD60 (as described in the
documentation accompanying the original submission) except that there are many
more files per tape for the enclosed tapes. Also enclosed is an updated
catalog of the polarimetry maps. As before, this catalog identifies the tape
and file number corresponding to each map.

Sincerely,

A faw>

Larry Travis

Enclosures
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PIONEER VENUS ORBITER CLOUD PHOTOPOLARIMETER: //\? /
NSSDC DATA DOCUMENTATION O/
e?/

Experiment Objectives

The Pioneer Venus Orbiter Cloud Photopolarimeter (OCPP) functions both
as a spin-scan imaging system providing 30-km resolution images of the near
ultraviolet (365 nm) cloud features and as a polarimeter yielding low reso-
lution maps at four wavelengths: 270, 365, 550 and 935 om. The objectives
of the OCPP experiment are: 1) to determine the Physical properties, vertical
and horizontal distribution and the temporal variability of the haze and cloud
aerosols on Venus, and 2) to record in images made in the near ultraviolet
the varying cloud morphology and the short and long term character of the
apparent cloud motions. Although Venus is completiely covered by clouds that
are essentially featureless in the visible part of the spectrum, the appearance
of variable features in the near ultraviolet was noted as early as 1927 (Wright,
1927; Ross, 1928). More recent observations indicated that certain identi-
fiable markings such as the dark, horizontal Y appeared to exhibit a retro-
grade "rotation" with a period of about four days (Boyer and Camichel, 1961;
Smith, 1967). The first high-resolution view of the W markings was provided
by the vidicon imaging system on the Mariner 10 spacecraft during an 8-day
encounter period at the time of the 1974 flyby of Venus. These images not
only confirmed the retrograde motion of the planetary scale features, but
showed a basic zonal flow with & latitudinal velocity variation measured by
tracking smaller scale cloud features (Suomi, 1975). Superposed on this
apparent zonal circulation were various wave-like features, streaks spiraling
towards (or from) a bright polar “ring", mottled regions and cellular features,
the latter suggestive of convective activity.

At the same time some of the mystery regarding the identity of the par-

ticles forming the ubiguitous clouds was being solved through the analysis of




ground-based polarimetry observations. The polarization of light scattered
by cloud particles depends strongly on the particle shape, size distribution
and refractive index; thus, by inverting the problem one can in principle
deduce these particle physical properties from polarizatlon observations
(Hansen and Travis, 1974). With such analyses Hansen and Hovenier (1974)
established that the dominant cloud particles are spherical, have a relatively
narrow size distribution centered on an effective radius of 1.05 pum, and that
the index of refraction is 1.46 at 365 nm, 1.44 at 550 nm and 1.43 at 990 nm.
This was the key information in the identification of the cloud particles as
concentrated sulfuric acid droplets.

By making OCPP polarimetry observations from the Pioneer Venus Orbiter
we are able to survey distinct cloud regions for a variety of scattering
geometries, even on a single orbit. This provides the information necessary
for the determination of any horlzontal variations in aerosol physical
properties. Since Rayleigh scattering by gaseous molecules has its own
particular polarization signiture which can become a significant contribution
at shorter wavelengths, the OCPP observations of polarization as a function
of wavelength and for different observer zenith angles can be used to determine

the vertical distribution of the aerosols.

Instrument Design and Operaticn

The Pioneer Venus Orbiter is a spin-stabllized spacecraft placed in a
nearly polar orbit of high eccentricity with a period of approximately 24
hours (Colin and Hall, 19??). The nominal on-orbit orientation has the posi-
tive spin axis aligned with the south ecliptic pole direction, and the spin
period is maintained at approximately 12 seconds. The spacecraft telemetry
subsystem employs a high-gain antenna dish despun to remain Earth-pointing

and supports a normal data rate of 1024% bps. In order to meet the experiment




sclence objectives given the spacecraft and mission designs, the OCPP was
configured to function as a photopolarimeter and imager in a spin-scan mode.
Additionally, in order to maximize the data rate available to the OCPP, the
instrument is designed so that observations are best performed during the

long apoapsis portion of the orbit when the spacecraft is far from the planet
and the data requirements for the aeronomy and ionospheric instruments are
minimal. The basic elements of the instrument are a positionable, 3.7 cm
aperture Dall-Kirkham telescope of 17.5 cm focal length, its associated
0ptics/sensor assembly, and the electronics module (A more detailed instru-
ment description is given by Russell et al. [1977]). A filter/retarder wheel
with 16 equally spaced active positions is located near the telescope focal
plane in the optics/sensor assembly and 1s positioned or cycled according to
the desired observational mode. Photopolarimetry is performed using three
positions for each of the four wavelengths: 270, 365, 550 and 935 nm. In each
case, a half-wave retarder mounted on the front (telescope side) of the wheel
covers the three positions and is oriented such that as the wheel rotates, the
retarder fast axis is respectively at 0°, 224° and 45° relative to the instru-
ment plane. The scene flux then passes through the spectral bandpass filter
located on the aft side of the wheel and is analyzed by a birefringent Wollaston
prism into two orthogonally polarized beams, These beams are in turn imaged
onto their respective UV-enhanced silicon photodiode detectors, shich are
operated in the photoveltaic mode. In the photopolarimetry mode cycle, the
filter/retarder wheel steps to a new active position once each spacecraft spin
period, with a pause at the 11f° intermediate position for the de-restore at
dark levels. The six intensity measurements for a given spectral band thus
provide the information necessary to extract the total intensity, degree of

linear polarization and its azimuth. The redundancy of six measurements for




for three unknowns provides internal cross calibration of the two detectors
and makes possible polarization measurement accuracies of better than 0.2
percent.

Two of the four remaining active positions are used in the photopola-
rimetry mode as a calibration of the aft optics and detectors by means of
angled scattering surfaces mounted on the aft side of the filter/retarder
wheel which are illuminated by a reference calibrator lamp., The imaging mode
is performed with the wheel fixed at a position with a small folding mirror
and a 365 nm bandpass filter on the aft side. The beam is thus directed to
a fused silica fleld lens which images the scene on a separate silicon photo-
diode detector. The last of the 16 active positions also uses a folding
mirror and detector at the side of the wheel, but employs a 690 nm bandpass
fillter for a third instrument mode, limb scan. Observations in this mode
are made at the lowest spacecraft altitudes and are intended to detect the
presence of any sfratified haze layers high above the main cloud deck.

To apply the spin-scan technigue, we fix the QCPP telescope at an
appropriate look angle in the range, 0° - 145°, The OCPP telescope articula-
tion is in a plane containing the spacecraft spin axis, with the look angle
measured from the positive spin axis direction. The disk of the planet is
thus scanned by spacecraft rotation, with one scan line being generated each
roll., Since the spacecraft spin axis is oriented perpendicular to the ecliptic
plane and the orbit is nearly polar (105° inclination), the Spacecraft orbital
motion can be used to provide cross-scan translation with excellent geometric
fidelity. The characteristics of the nominal orbit were known at the time of
final instrument design; they were therefore used in selecting the instanta-
eous field of view (IFOV) size which would yleld good image quality over most

of the apoapsis portion of the orbit. For a rectangular IFOV, a translation




in the cross-scan direction of one-half the IFOV dimension provides optimum
resolution. The IFOV chosen was 0.4 by 0.45 mrad, the latter belng the
dimension for the cross-scan direction. Figure 1 shows for this choice and
for the nominal orbit (24 hour period, 39460 km semimajor axis, 0.843 eccen-
tricity, 105° inclination and 18.5° latitude of periapsis), the cross-scan
overlap of IFOV's as a function of time from apoapsis. An overlap of 0.5 or
more meets the criterion for optimum resolution; it is met for a period of
approximately 14 hours, centered on apoapsis. When the cross-scan translation
exceeds 0.45 mrad, underlap cccurs and is denoted by the negative values in
Figure 1. Our normal procedure has been to restrict imaging observations to
the 18 hour period centered on apoapsis, thus avoiding underlap conditions
and incurring only a modest degradation in cross-scan resolution near the
beginning and end of that period. In Figure 2 the subspacecraft latitude and
longitude are displayed as a function of time from apoapsis. The more rapid
variation of 1ati£ude with time is of course a result of the high inclination
orbit. The disk of the planet viewed from the spacecraft ranges from about
17° diameter at apoapsis #9 hours to 10° at apoapsis. The time required to
complete the cross-scan raster for a full disk image is typically about 4 hours.
In order to achieve a resolution in the along-scan, or roll direcfion that
is comparable to that for cross-scan, we selected the 0.4 mrad IFOV dimension
and a normal sample time of 0.488 msec. A scan line consists of 1016 8-bit
intensity measurements, thus covering a 14.9° swath in roll for a 12-sec spin
period. An optional low sample rate of 0.61 msec yields 18.6° in coverage
when necessary, with a slight decrease in resolution along the scan line., The
OCPP image is thus bullt up of elements whose resolution is typically 30 km at
the subspacecraft point. The instrument can be commanded to begin taking data
at any selected location in the 360° spacecraft roll using the spacecraft

supplied roll index pulse as a reference.
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The normal photopolarimetry observation involves mapping the planet in
essentially the same spin-scan technique used for imaging. However, a com-
plete photopolarimetry “"scan line" requires a cycle of 16 spacecraft rolls,
one for each filter/retarder wheel position, Using the same considerations
applied in the choice of the imaging IFOV, we are thus led to a photopola-
rimetry IFOV approximately a factor of 16 larger, 6.5 by 8 mrad. This larger
aperture at the same time provides the necessary signal to obtain the appro-
priately high signal-to-noise ratios required for polarimetry accuracy. 4
maximum of 136 pairs of 11-bit intensities is acquired for each roll using
a normal sample rate of 9.52 msec; this ylelds a swath of 38.8° for a 12-sec
spin period. Since we are primarily interested in regional coverage and
variations in scattering geometry as opposed to "image quality" for the
photopolarimetry maps, observations are peiformed to within 1% hours of
periapsis, or apoapsis +10% hours.

In addition to the inflight calibration of aft photopolarimetry optics
and detectors by the calibration lamp, the OCPP employs a solar diffuser
calibrator which is viewed when the telescope 1s pointed at 0° look angle.
The outer port of the diffuser is a fused silica plate {roughened on its
interior side) parallel to the spacecraft spin axis; it thus faces the sun
once each spacecraft roll. A dlagonal plate with an appropriate neutral den-
sity coating reflects the diffuse source downward through two additional
roughened fused silica plates towards the telescope. The solar diffuser is
constructed to provide a source close to the typical radiance level seen
when viewing the planet. During pre-flight calibration and testing, its
attenuation was measured to approximately 10 percent absolute accuracy for
935 nm and 6 percent for 550 and 365 nm, Since the sun itself was used as
the source in this calibration, no measurement at 270 nm was possible due

to the earth's atmospheric absorption.




Data Description

The basic data available from the OCPP experiment are of two types.
Digital imaging data have been processed to make hardcopy images in the form
of 4" x g» negatives. Polarimetry data have reduced and individual map ele-
ments have been tagged with latitude, longitude and scattering geometry in-
formation. The resuliing digital data are stored on magnetic tape in EBRCDIC
card image format.

Imaging Data. The raw data for a typical full-disk image is composed of
approximately 1000 scan lines, with up to 800 8-bit intensities, or pixels,
for each scan line. Because of the nature of the spin-scan Process, and image
constructed simply by treating each pixel as a rectangular element of 0.4 by
0.45 mrad and placing scan lines in a contiguous sequence would be very dis-
torted in appearance. We therefore create an image array which is "geomet-
Tically rectified" using bilinear interpolation of the raw intensity data.
This rectified imége thus has an appearance similar to that of a2 "snapshot"
image; in particular, the bright 1imb is a circular arec. Note, however, that
this image is not equivalent to an orthographic projection. The spin-scan
technique with the OCPP telescope fixed at a particular look angle during the
three to four hour period of acquisition of data for a full-disk image yields
coverage of a full 180° of latitude. On the other hand, the coverage for each
scan line is limited to the fraction of the hemisphere visible from the finite
spacecraft distance, i,e,, a "longitude" range equal to the supplement of the
apparent angular diameter, Because the spacecraft orbit is not exactly polar,
there is also a small change in the subspacecraft longitude during the acqui-
sition of the image. As a result of these factors along with our desire to
produce an image that includes all of the data, the rectified inages are

slightly distorted in comparison to what a true snapshot would show. Further,




10
there is no simple relationship between image coordinates and body-fixed
latitude and longitude.

In order to improve the visibility of the normally low contrast cloud
features, the rectified image array is in each case contrast enhanced using
the following procedure. A low-pass filtered version of the image is created
by averaging intensities over a square window whose dimension is approximately
30 percent of the disk radius. When the resulting smoothed image is subtracted
from the original, we are left with a high-pass filtered version, which empha-
sizes the small scale features. By forming an appropriately weighted average
of the original and the high-pass filtered image, we obtain a version which
retains some of the normal large scale shading while enhancing the contrast
of the medium and small scale cloud features.

Negatives for each final image were produced using an Optronics P-1500
Photowrite digital filmwriter, which employs Kodak Linagraph Shellburst film.
The 4" x 5" negatives have 2000 by 2500 resolution elements, with a full-disk
image having a diameter of 1600 elements. Although the filmwriter is capable
of exposing the negative corresponding to 8-bit intensity data numbers, we
have restricted the range to 30 - 170 DN. This range was found to be appro-
priate for producing prints on Kodak RC Polycontrast paper (PC filter #3)
with these negatives.

Each planned OCPP imaging mode observation with a fixed telescope look
angle is defined as an image and given a four-diglt image number (with leading
zeros when necessary), consecutive in time order. This image number is indi-
cated at the bottom of each negative following the word "VENUS". On the same
line following the image number are the year, day of year and time (HHMM) UT
corresponding to the observation of disk center. The remaining smaller and

less bold numerical designation following a letter "F" is a film number used




11
for internal records and can be lgnored. Appendix A is a list of nominal
nission (4 December 1978 to 4 August 1979) images available and pertinent
identifying information on each. This list does not include planned images
lost or with major data gaps because of telemetry difficulties or those
during which spacecraft maneuvers Wwere executed.

Polarimetry Data. As described in the previous section, in photopolarimetry

mode the OCPP obtains maps of Venus using the same spin-scan technique em-
ployed for imaging. The principal difference is a trade of less resolution
for more information, viz., the linear polarization and its direction in
addition to intensity at four wavelengths. For a given wavelength three
spacecraft rotations, or rolls, are required to provide the series of 11-bit
intensity pairs at each retarder position. Under the normal observing
sequences, the tiranslation of the IFOV due to spacecraft motion between the
first and third rolls is a small fraction of the size of the IFOV. Thus, it
is reasonable to assume that the Nth sector in each of the three rolls is
viewing the same part of the scene, and that the six intensities can be used
in the calculation of the polarization and its direction. For each intensity
pair, let us denote the respective retarder position by subscript 1, 2 or 3
and distinguish the orthogonally polarized channels by subscript S or P,
viz., intensities Iigs Lipr Togo Tops I3S and 13P (in DN). The definition
of S and P directions is such that an incident beam 100 percent polarized
with its direction parallel to the OCPP instrument baseplate would cause

IIS = I3P = 0. Let us define a factor K which represents the interchannel
responsivity ratio and factors 02 and G3 which are the filter transmittances
at retarder positions 2 and 3 relative to that at position 1. All polarimetry

data is then reduced using the following relations:

K = (15 1)/, 1) (1)
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C, = (I1S + }{111,)/(12S + KIZP) (2)
Gy = (I KIIP)/(IBS + K1) (3)
I=Tg+KIp=0Cy(Ig+KIy) = 03(1BS + K1) (%)
= Klp - Ijg = Og(Tgg - KIg) (5)
U=, (KL - I) (6)
P = 100 (@2 + U)¥/1 (7)
y' = Sarctan (U/Q) (8)

The observed total intensity I is expressed in DN and the degree of linear
polarization P in percent. The angle y' defined by Eq. (8) is the direction
of polarization, or the direction of vibration of the electric field vector
for the polarized.component of the beam, referenced to the OCPP instrument
baseplate. In general, a more useful direction is that measured relative to
the local scattering plane (that plane defined by the sun-cbserved point and

observed point-observer directions),

y=y"'+39 ' (9)

where &, the angle between the instrument baseplate and the local scattering
plane, is determined from the location of the spacecraft in its orbit, the
spacecraft attitude, OCPP direction of observation and the position of the sun.
The three successive rolls for a given spectral band thus define a series
of sectors across the disk of the planet for which I, P and y are determinable,
The simultaneous solution for K, 02 and 03 for each sector in practice accounts
not only for relative interchannel response and filter transmittance but also

for small scene changes between rolls. Specifically, note that Egs. (2) and
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(3) for C, and 03 simply require the same total intensities for the N°»
sectors of the three rolls.

Using the position of the spacecrafi in its orbit, the spacecraft atti-
tude and the OCPP direction of observation, we can specify the location of
the point observed in a particular polarimetry sector. Each set of I, P
and y is tagged with the celestial latitude B and longitude A, i.e., coordi-
nates in a system with the x-y plane passing through the center of Venus and
parallel to the ecliptic, with the Aries direction defining the positive
x-axis. Note, that these are not the IAU Venus coordinates, and the system
does not rotate with the Venus solid body rotation, but is fixed in space.

In addition to the latitude and longitude, each point is tagged with the
specification of the local scattering geometry, specifically, py the cosine

of the observer zenith angle; by the cosine of the solar zenith angle; and

$ _¢L » the difference in azimuth between the sun-observed point and observed
point-observer directions (measured counterclockwise looking downward). Note

that the phase angle g is specified by
R o3
cosa = pou - (1-p2)%(1 - u®)2cos(¢-¢ ) , (10)

where the phase angle is the angle between the observed point-observer and
observed point-sun directions.

[— The polarimetry data for each OCPP polarimetry map are written on mag- HT
netic tape in é;gﬁggicard image format, one file for each map. The attri-
butes of each tape are: 9-track, gzggibpi, no tape label records, logical
record length of 80 bytes, physical record length or blocksize of 3200 bytes
and thus a RECFM=FB, Appendix B lists the available maps, the respective
tape and file numbers and other pertinent identifying information. The file
for each map has the following format., A single card image header which

ldentifies the polarimetry map number and the Year and day of year of
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acquisition has the form:
bPIONEERbVENUStOCPPbPOLARIMETRYtMAannnnbbbbYR=yybthOY=ddd

where b signifies a blank column, nnnn is the polarimetry map number, ¥y is
the year and ddd is the day of year. This header card is followed by groups
of data (the number of these groups for each map is listed in Appendix B),
one such group for each set of three rolls constituting a recoverable pola-
rimetry "scan" at a given wavelength. Each group is headed by a card image
identifying: 1) year in columns 5-6, 2) day of year in columns 13-15, 3) time
(spacecraft UT) in columns 23-30 in the form HH:MM:SS, &) wavelength: 270,
365, 550 or 935 in columns 4h-86, 5) gain setting in column 57 and 6) the
nunber of card images to follow (one for each sector) in columns 62-64.

Each of the following data card images contains in order: I (DN), P (percent),
y (deg.), B (deg.), A (deg.), u, b, and ¢ - ¢5 (deg.) and can be read with
the Fortran foma£ (F8.1,F?.2,2F‘8.2.F9.2,2F‘10.5,F9.2). An example of the
beginning portion of a listing of all the card images for a polarimetry map
tape file is shown in Figure 3. Absolute intensities can be derived from the
tabulated data number values using the conversion factors in Table 1 for the
appropriate gain setting and spectral band.

The polarimetry sectors for which U and 4, are indicated to be -2,0 are
those for which the "navigation" finds that the center of the IFOV lies off
the visible disk at the time of the observation. The fact that these sectors
often have intensities that are clearly non-zero is due to 1) the approximately
0.1° (about one-quarter the size of the IFOV) uncertainty in spacecraft atti-
tude and hence in bointing knowledge, and 2) sectors near the bright 1imb
only partially (less than half) filled and for which a contribution from

scattered light may also play a role.
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Table 1.

Gain

Absolute Intensity Conversion Factors for Photo

935 mm

5.31 x 10°°

3.93 x 10°°

2.66 x 10“8

1.96 x 10_8

1.32 x 10‘8
9.76 x 1077

6.59 x 1077

inWen 2 sl gt per DN

Spectral Band

550 nm

1.14 x 1077

8.46 x 10'8

5.71 x 10_8

h,22 x 10_8

2.84 x 10-8

2.10 x 10'8

1.42 x 10_8

365 nn

4,19 x 10'8

3.10 x 10"8

2,09 x 10'8

1.55 x 10_8

1.04 x 1078
7.69 x 1077

5,19 x 1077

polarimetry

270 nm

3.78 x 10-8

2.80 x 10”8

1.89 x 10“8

1.40 x 10‘8
9.40 x 1077
6.95 x 1077

4,69 x 1077

16
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Instrument Calibration

Radiometric. Pre-flight radiometric calibration of the OCPP was performed
using a tungsten-filament, reference lamp illuminating a standard barium
sulfate coated diffuser target observed by the OCPP. Two different reference
lamps (an EV-4 and an Optronics 323) were employed, and the calibration was
rerformed before and after spacecraft/instrument integration and system tests,
an approximately six month interval. Although the procedure should in prin-
ciple permit absolute radiometric calibration to within 4 percent for the 365,
550 and 935 nn spectral bands, a more appropriately conservative estimate
based upon the self-consistency of the tests suggests that the pre-flight
calibration was accurate to within 10 percent. The low output of the refer-
ence lamp at 270 nm reduces the confidence in the pre-flight calibration for
that spectral band such that an absolute accuracy of 20 percent is a more
appropriate estimate.

As mentioned in the instrument description, the OCPP has two methods of
inflight radiometric calibration, the internal reference calibrator lamp and
the solar diffuser. The flux from the calitwator lamp is spectrally filtered
(700 nm) and directed in turn onto each of the two angled scattering surfaces
on the back of the filter/retarder wheel. This therefore provides a check on
the temporal stability (at 700 nm) of the aft optics (the scattering surfaces,
two relay lenses per channel and the Wollaston prism) and the two silicon
photodiode detectors. The calibrator lamp intensity readings have remained
within 1 percent of the pre-flight values throughout the mission., In contrast,
solar diffuser measurements performed during the mission have exhibited sub-
stantial variation. The general trend has been a decrease in solar diffuser
intensity with time, although increases in brightness have been noted on

several occasions (not sufficient, however, to return the brightness to the
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levels obtained shortly after Venus orbit insertion). The magnitude of the
drop in intensity is greatest for the 270 nm band, decreasing in size in order
of increasing wavelength for the other spectral bands. The maximum decreases
noted to date are 18 percent for 935 nm, 19.8 percent for 550 nm, 32 percent
for 365 nm and 67 percent for 270 mm. Although the stability of the calibra-
tion lamp observations is established only at 700 nm, it is not very plausible
that the aft optics can be responsible for the change in the solar diffuser
observations. Essentially the same decrease in solar diffuser intensity is
observed for the 365 nm polarimetry band and the imaging channel; the latter
has a filter with the same effective wavelength but a wider bandpass, a dif-
ferent detector and of course no half-wave retarder plate. It therefore seems
unlikely that the filters or retarders can be blamed for the effect. While we
cannot rule out some effect on the telescope optics, we find no long term
change in the brightness of Venus by an amount comparable to that observed
for the sclar diffuser. Nevertheless, we have no satisfactory explanation
for a physical change in the solar diffuser; consequently, any use of absolute
intensities (obtained with the factors in Table 1) should involve caution in
interpretation.

Polarimetric. Pre-flight polarimetric calibration of the OCPP was performed
primarily with a specially designed optical calitrator. The calilbrator em-
ployed a 150-watt xenon-arc lamp which illuminated (through a 1-inch entrance
port) the interior of a 6-inch diameter spherical integrator lined with barium
sulfate paint. The OCPP viewed the interior of the sphere through a 1.6~inch
exit port. Neutral density filters on a wheel in front of the entrance port

and various polarizers on a wheel in front of the exit port allowed a range

of radiance levels and polarization. With the open position selected for the .

polarizer wheel, the calibrator provided a beam that was less than 0.1 percent

polarized.,
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Instrumental polarization of the OCPP was determined by viewing the
optical calibrator with the polarizer wheel open position selected. By re-
peating the observation with the OCPP rotated by 90° relative to the orien-
tation used for the first, we find instrumental polarization appearing as any
residual polarization whose direction appears unchanged by the instrument
rotation. In this manner we found that the instrumental polarization is
0.47 percent for 270 nm, 0.15 for 365 mm, 0.09 for 550 nm and 0.30 for 935 nm,
Corrections corresponding to these instrumental polarizations are made in Q
and U given by Egs. (5) and (6), proportional to the intensity I for each
observation,

Pre-flight calibration tests using polarized beams indicated that the
absolute accuracy of the measured polarizaiion degree is of the order of 2
percent for a source that is 100 percent polarized. For the more typically
observed situation of a source with 15 percent or less polarization, the ab-
solute accuracy ié approximately 0.1 or 0.2 percent for 365, 550 and 935 nm
and 0.4 percent for the 270 nm band, the lattei being limited by signal-to-ncise.
A more conservative estimate of 0.4 percent absolute accuracy for the three
longer wavelength bands is perhaps appropriate for actual observations because
of contributions by scattered light, for which corrections are difficult to
specify. Relative polarization degree accuracy is, however, easily as good as
0.2 percent and is probably closer to 0,1 percent. Both absolute and relative
accuracy for the actual 270 nm observations 1s limited to about 1 percent by
the low signal-to-noise. For the three longer wavelength bands, the normal
Venus radiance levels observed are such that the digitization error is the
largest (and usually insignificant) effect.

Imaging MTF. Modulation transfer function (MTF) tests were performed prior to

and following vibration tests of the OCPP instrument. 1In the test configuration
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the OCPP cbserved the beam from a 50-inch collimator intercepted by a reticle
wheel with a series of square-bar patterns. Talble 2 lists the pre- and post-
vitration modulation values (determined from oscilloscope trace photographs)

as a function of bar width at the radius projected onto the instrument foeal

plane.

Table 2, Measured Square-bar Modulation for OCPP Inaging

Bar Spatial Measured Square-bar Modulation

Width Frequency . ) .
(inch) (cycle/rad) Pre-vibration Post-vibration

.085 294 0.99 0.99
»055 h55 0.99 0.99
- 0433 577 0.99 0.99
.0289 865 0.83 0.84
.0218 1147 0.58 0.58
L0146 1712 0.16 0.18

Spectral responsivity. The OCPP system spectral response over each of the

photopolarimetry bands and the imaging band was measured using a Cary 14
Spectrometer and a calibrated silicon photodiode. Estimates of the contri-
bution from the integrated out-of-band response for a source approximating
the Venus spectrum were obtained using the xenon-source optical calibrator
and Schott leak filters WG-345, GG-420 and RG-665. The resulting spectral

characteristics are tabulated in Table 3.
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PIONEER VENUS OCPP POLARIMETRY MAP 3645 YR=88 DOY= 92 YR=88 DOY= 92 TIME=15:45:08 WAVELENGTH=550 NM & —
AIN=4 8 SECTORS FOLLOW 468.8 3.98 —-F.4% 0.00 0.00 -2.00000 -2,00000 0.00 315.1  4.08 -4.78
¢.00 0.00 -2.00000 -2.00000 0.00 310.7  4.05 -4.04 0.00 0.00 =-2.00000 ~-2.00000 0.00
462.5 4,01 -2,68 ~-74.43 3¢.26 0.0539% 0.15313  120.03 383.3  4.60 -1.23 -75.86 42.21 0.083
13 0.10913 120,25 282.2  4.47 0.56 0.00 0.00 -2.00000 -2.00000 0.00 178.4  5.04 3
.90 0.00 0.00 -2.00000 -2,00000 0.00 86.4 3.34 1.76 0.00 0.00 =~-2.00000 -2.00000 ¢.00
YR=88 DOY= 92 TIME=15:45:47 WAVELENGTH=365 NM GAIN=4 10 SECTORS FOLLOW 485.3 10.06 84.57 0.00 0.00 -2
00000 -2.00000 0.00 603.0 10.15 84.88 0.00 0.00 -2.00000 -2,00000 0.00 659.8 10.70
85.86 0.00 0.00 -2.00000 -2.00000 0.00 659.3 11.41 B86.14 -~73.80 18.51 0.09974 0.22023 119.3
g 608.0 12.27 84.34 -72.45 28,353 0.12373  0.18866 119.42 316.4 13,22 B6.94 -71.97 37.87
0.12394 0.14547 119.80 394.6 14.26 B87.93 -72.z8 48,22 0.10044 0.09043 120.35 237.7 13
.15 B8.34 0.00 0.00 -2.00000 -2.00000 0.00 130.8 15.06 88.72 0.00 0.00 -2.00000 -2.00000
0.00 44.2 13.68 -89.72 0.00 0.00 -2.00000 -2.00000 0.00 YR=88 DOY= 92 TIME=15:46:24 WAVE
LENGTH=270 NM GAIN=4 12 SBECTORS FOLLOW 14,7 23.88 75.33 0.00 0.00 -2.00000 -2.00000 0.00 20.2
35.13 b4.01 0.00 0.00 -2.00000 -2,00000 0.00 23,5 36.96 87.94 0.00 0.00 -2.00000 -2.00000
0.00 23.4 28.61 86.63 -72.83 8.30 0.10436 0.24786 11%.10 24,5 32.12 -88.93 -70.97
19.04  0.14878 0.24517 118.79 26,3 28.76 Bk.28 -70.00 27,70  0.16623 0.21051 118.98
20.4 47,36 84.74 -49.5% 35.95  0.16681  0.16766 119,45 16,1 49.29 82,86 -49.62 44.63 0.15064 0.1
1654  120.09 13.1 41.76 -84.17 -70.39 3a.16  0.11064 0.05328 120,77 0.0 0.00 0.00 0
00 0.00 -2.00000 -2.00000 0.00 0.0 0.00 0.00 6.00 0.00 -2.00000 -2.00000 0.00
0.0 0.00 0.00 0.00 0.00 =-2.00000 ~2.00000 0.00 YR=88 DOV= 92 TIME=15:47:56 WAVELENGTH=935 NM G
AIN=4 15 SECTORS FOLLOW 0.2 6.%4 -10.06 0.00 0.00 -2.00000 -2.00000 0.00 297.2  6.45 -B.74
0.00 0.00 -2.00000 -2.00000 0.00 300.5 &6.48 -8.25 0.00 0.00 -2.00000 -2,00000 0.00

647.0 6.62 -7.28 -73.71 -17.24 0.03033 0.32036 120.24 727.6  6.79 -6.53 -49.34 1.92  0.150 |
61 0.33478 118.19

EBCDIC LIST OF km2004

FILE 1 RECORD 170 3200 BYTES

933.0  4.30 -9.96 56.49 26,16  0.68B76Y  0.22272 -123.15 420.5 4.37 -9.32 56.78 30.76  0.68062
0.18291 -125.62 312.4 4,63 -11.23 56.82 33.44  0.67039 0.14149 -128.06 209.9 4,78 -13.40
34.79 40.20 0.63673 0.09834 ~-130.44 117.4  4.66 -14.10 54,70 43.07  0.63947  0.05331 -132.74
20.4 4.75 -6.86 5b.54 30.08  0.61827 0.00620 -134.92 20,7  3.73 -2z.00 §6.31 33,25 0.592
72 -0.04327 -136.96 16.0 &6.18 -33.45 55.99 60,63  0.56223 -0.09549 -138.85 16.9 3.58 -1
.94  55.58 66,29 0.352595 -0.13097 ~140.55



EBCDIC LIST OF km2004

FILE 143 RECDRD 1 3200 BYTES

PIONEER VENUS OCPP PDLARIMETRY MAP 3828 DOY=325 YR=88 DOY=325 TIME=14:10:10 WAVELENGTH=935 NM ¢
AIN=4 12 SECTORS FOLLOW 239.1  6.28 T -8.43 .00 0.00 -2.00000 -2.00000 0.00 381.5  6.14  -p.2
0.00 0.00 -2.00000 -2.00000 0.00 477.4  6.14  -7.82 0.00 0.00 -2.00000 -2.00000 G.00
322.9  6.28 -5.78 -78.45 -3.83  0.08441  0.24815 132.14 323.9  6.48 -5.10 -77.0t 13,53 0.133
17 0.24146  131.73 487.3  4.92  -3.79 -74.33 <6.38  0.15014  0.21540 131.78 419.2  7.06 -2
30 -76.07 38,81  0.14808 0.17685 132.11 328.7  7.74  -0.80 -74.23 52.11  0.12605  0.12500  132.8%
228.0 8.14  -0.38 -77.21 71.22  0.06655  0.04763  133.7%0 130.7 B.45 -0.25 0.00 0.00 -2
00000 -2.00000 0.00 36.4  8.59 4,34 0.00 0.00 -2.00000 -2,00000 0.00 1.7 8.31
2.66 0.00 0.00 -2.00000 ~2.,00000 ¢.00 YR=88 DOY=325 TIME=14:11:09 WAVELENGTH=550 NM GAIN=4 13 SEC
TORS FOLLOW 155,2  3.35 ~10.28 0.00 0.00 -2.00000 -2.00000 0.00 357,85 3.20  -7.7¢ ¢.00 0.00
-2.00000 -2.00000 0.00 324.2  3.06 -~8.18 0.00 0.00 -2.00000 -2.00000 0.00 632.7 3
26 -5.93 -77.95  -21.05 0.05444 0.26573 132.57 683.0  3.37 -4.56 -~75.80 el 0.13712  o0.28249 4
31.55 683.1  3.40 -3,3% -74.85 14.89  0.17084  0.26734  131.30 637.5  3.40 -2.70 -74.2 2
6,09 0.18483 0.23937  131.473 333.2  3.55  -1.23 -74.07 36.77  0.18360  0.20149  131.81 442.3
.80 -0.21 -74.12 47.97  0.16682 0.15331 132,37 317.8  3.88 1.17 -74,5% 61,37  0.12855  0.09043
133.02 193.3 3.9 0.97 0.00 0.00 -2.00000 -2.00000 0.00 73.9  4.65 5.08 0.00
0.00 -2,00000 -2.00000 0.00 37.3  4.99 15,22 0.00 0.00 -2.00000 -2.00000 0.00 YR=
88 DOY=325 TIME=14:11:49 WAVELENGTH=365 NM GAIN=4 14 SECTORS FOLLOW 246.1  B8.90  83.47 0.00 0.00 -2,00000 -2.0
0000 0.00 483.7 B.36 83.40 0.00 0.00 -2.00000 -2.00000 0.00 662.6  B.10 84,25 0
.00 0.00 -2.00000 -2,00000 0.00 776.3  7.98 84.49 -75.12 -10.88 0.11857  0.30885 131.77
834.8 8.09 84.83 -73.82 4,32 0.17331  0.30725  131.07 842.3  8.33 85.23 -73.07 153.68  0.20147
0.28846 130.91 799.6  B.65 85,88 -72.42 25.71  0.21382  0.25949  131.10 711.3  8.94  Bt.64
-72.39 33.36  0.21312  0.22206  131.53 389.8 9.37 87.41 -72.38 453,33 0.19925  0.17595  132.13

444.8  9.95 87.96 -72.85 36.55  0.14898  0.11884 132,83 290.4 10.59 89.47 -73.43 71.65  0.109
48 0.04173  133.54

EBCDIC LIST OF km2004

FILE 143 RECORD 207 3200 BYTES

0.0 0.00 0.00 82.80 84.42  0.14444 -0.09160 -137.94 0.0 0.00 0.00 80.76 i16.21 0.07401
-0.17571 -138.32



